T he most common genetic causes of thrombophilia are two mutations in the genes coding for coagulation factor V and prothrombin, G→A substitution at gene position 1691 (factor V Leiden or FVLeiden), and the noncoding G→A mutation at gene position 20210 (prothrombin G20210A), respectively. The former mutation renders activated FV partially resistant to the inactivation by its naturally occurring anticoagulant protein C, and prothrombin mutation is associated with increased plasma levels of prothrombin to approximately 30%. [1] [2] [3] Factor V Leiden (FVLeiden) and prothrombin G20210A are the most common genetic causes of thrombophilia and established risk factors for different clinical manifestations of venous thromboembolism (VTE). This study investigated whether the clinical manifestation of VTE, the extension of deep vein thrombosis (DVT) and the presence of transient risk factors at the time of the first VTE, differed among patients with mutations (97 with FVLeiden; 33 with prothrombin G20210A) and in 109 patients without thrombophilia. Isolated pulmonary embolism (PE) was less prevalent in patients with FVLeiden (6%) and no thrombophilia (6%) than in those with prothrombin G20210A (15%). No difference was found in the incidence of distal DVT. Regarding the extension of proximal DVT, the lowest incidence for isolated popliteal vein and the highest for iliofemoral vein were observed in patients with prothrombin G20210A. No difference was observed between groups of patients with or without thrombophilia by unprovoked VTE. The pregnancy/puerperium was the most prevalent risk factor in carriers of prothrombin G20210A. Among FVLeiden carriers, the most prevalent risk factor was surgery, and in patients without thrombophilia, it was trauma (P < .05). Thrombosis of the upper limb was more frequent in a group without thrombophilia than in patients with mutations (P < .01). Transverse sinus venous thrombosis was present only in patients with prothrombin G20210A. Carriers of prothrombin G20210A have an increased risk of developing isolated PE and more severe clinical manifestations than those with FVLeiden or without thrombophilia.
Keywords: factor V Leiden; prothrombin G20210A; venous thromboembolism; clinical manifestations; isolated PE Both mutations are correlated with an increased amount of thrombin formation and are established risk factors for different clinical manifestation of venous thromboembolism (VTE). 4, 5 Prothrombin G20210A is associated with an increased risk of portal vein thrombosis, and more severe clinical manifestation than those in FVLeiden or no thrombophilia. 6 Several studies showed a lower incidence of FVLeiden in patients with symptomatic isolated pulmonary embolism (PE). 7, 8 There are two main hypotheses for the FVLeiden paradox which explain risk of DVT but not of PE. The first is that it is due to selection bias, and the other hypothesis is that the thrombus is more stable and more adherent to the vessel wall in patients with FVLeiden, perhaps because this factor enhances local thrombin generation and intensifies the local inflammatory process to the thrombus. 9 Contrary to these findings other investigators reported the similar prevalence of FV Leiden and prothrombin G20210A mutation among patients with isolated PE and control subjects. 10 In our previous study, we observed no difference considering the rate of recurrence of VTE between 2 groups of patients with mutations. In FV Leiden group the estimated relative risk of recurrence was 1.67 and in group with prothrombin G20210A was 1.65. 11, 12 The purpose of this study was to investigate whether the clinical manifestation of VTE considering: isolated DVT, PE with DVT, and isolated PE were different between patients with mutations of FVLeiden or prothrombin G20210A. We also investigated the extension of DVT and the presence of transient risk factors at the time of first VTE in these groups of patients.
Study Design Patients
From June 1998 to June 2007, 614 patients were referred in our Center for Hemostasis Research to be investigated for thrombophilia screening after developing of symptomatic VTE. Anamnestic data were recorded from all the participants on the presence of the following transient risk factors in the month preceding thrombosis: surgery, pregnancy/ puerperium, trauma, infections, oral contraceptive or hormone replacement therapy use, or long sitting position. In the absence of the risk factors, thrombosis was considered unprovoked. Review of the medical test results and records (color duplex ultrasonography, venography, scintigraphy) revealed the size and location of thrombosis. DVT of the veins of the calf were considered distal and those involving the vein segments (popliteal, femoral, external iliac, internal iliac, common iliac, or inferior cava) were considered proximal. We also included the patients with unusual forms of VTE likewise thrombosis of subclavio-brachialis vein, mesenterialis, lienalis, and transverse sinus venous thrombosis.
A total of 309 patients were excluded from the study as they had no medical records, or they had antithrombin, protein C, protein S deficiency, antiphospholipid antibodies, or combined abnormalities. The patients with diabetes or malignancy diseases were also excluded. In total, 245 patients were included in the study, divided into 3 groups: 97 with FVLeiden, 39 with prothrombin G20210A mutation, and 109 patients without thrombophilia. The study protocol was approved by local research ethics committee, and informed consent was obtained from all participating patients.
Laboratory Methods
Plasma samples were taken from each patient for the hemostasis screening tests: prothrombin time (PT), activated partial thromboplastin time (aPTT), thrombin time (TT), fibrinogen and number of platelets, diagnostic tests for thrombophilia: antithrombin, protein C, protein S, presence of lupus anticoagulans (LA), and activated protein C resistance (APC-R). For the detection of thrombophilia IL tests (Instrumentation Laboratory, Milan, Italy) were used, and analyses were performed on IL Coagulometer ACL 6000. FV Leiden and FII G20210A mutations were detected by polymerase chain reaction as previously described. 13
Statistical Analysis
The χ 2 test or Fisher's exact test was used to detect differences in the distribution of categorical variables (type of VTE, extension of DVT, risk factors, and male to female ratio). P values less than .05 were considered statistically significant. The analyses were performed using the SPSS package version.
Results
Of the 245 patients with VTE 227 (92%) had DVT, which in 24 (10%) was complicated by symptomatic PE, and 18 patients (8%) had isolated PE. The median age at thrombosis was 33 years (range 16-67). In 93 patients (38%) VTE was unprovoked. In all, 97 patients carried FVLeiden, 39 patients carried prothrombin G20210A, and 109 patients were without thrombophilia. Table 1 shows the general characteristics, type of venous thromboembolism and presence of transient risk factors at the time of thrombosis according to the presence or absence of thrombophilia. No difference was found between the 3 groups according to the median age at the time of the first thrombosis. Regarding the presence of isolated DVT or DVT/PE among 3 groups, no difference was observed. Among patients with isolated PE, we found a higher rate of PE incidence in patients with prothrombin G20210A (15%) than in those with FVLeiden (6%) and without thrombophilia (6%), but without statistical significance. No difference was observed between groups of patients with or without thrombophilia with unprovoked VTE. Considering the presence of transient risk factors in the group with prothrombin G20210A the most prevalent one was pregnancy/puerperium, in the group with FVLeiden surgery, and in patients without thrombophilia trauma. Table 2 shows the extension of DVT in patients with or without thrombophilia. No difference was found regarding the incidence of distal DVT. Considering the extension of proximal DVT, the lowest incidence for isolated popliteal vein (9%) and the highest for iliofemoral vein (40%) were found in patients, carriers of prothrombin G20210A mutation. The unusual forms of VTE thrombosis of upper limb were significantly more frequently present in the group without thrombophilia (77%) than in those with FVLeiden (13%) or with prothrombin G20210A (10%; P < .01). The transverse sinus venous thrombosis was only present in patients with prothrombin G20210A mutation, and in 2 of 3 patients, thrombosis developed during pregnancy/puerperium.
Discussion
Venous thromboembolism has a wide spectrum of clinical manifestations and many factors could play different role in determining the various locations of DVT and its major complication-PE. The presence of thrombophilia could give a possible explanation regarding the genetic predisposition for development of VTE. The most common genetic causes of thrombophilia are 2 mutations in the genes coding for coagulation factor V and prothrombin. [1] [2] [3] Both mutations are correlated with an increased amount of thrombin formation and are established risk factors for VTE. 4, 5 In our study, the clinical manifestation (presence of isolated DVT, DVT/PE, or isolated PE), extension of DVT and the presence of transient risk factors were retrospectively investigated in patients with FVLeiden, with prothrombin G20210A mutations and patients without thrombophilia. Our results showed no difference among three groups according to median age at the time of the first thrombosis. Contrary to our findings, Martinelli et al 14 recently reported a younger age (24 years) at the first VTE in patients with prothrombin G20210A mutation. Regarding the presence of isolated DVT or DVT/PE among the 3 groups, no difference was observed. Among the patients with isolated PE, a higher rate of incidence of PE was found in patients with prothrombin G20210A (15%) than in those with FVLeiden (6%) or without thrombophilia (6%), but it was not statistically significant. Emmerich et al 15 and de Moerloose et al 16 also confirmed the lower frequency of FVLeiden in patients with pulmonary embolism in comparison with patients with DVT without PE. The prothrombin G20210A mutation was equally balanced in both patient groups. Contrary to these findings, Margagline et al 10 reported similar prevalences of FV Leiden and pro-thrombin G20210A mutations among patients with isolated PE and control subjects. In our study, no difference was observed between groups of patients with or without thrombophilia with unprovoked VTE. Regarding the presence of transient risk factors in group with prothrombin G20210A, the most prevalent observed risk factor was pregnancy/puerperium, in the group with FVLeiden surgery, and in the group without thrombophilia trauma. Our results are in concordance with the study of Wahlander et al, 17 where the tendency toward increased risk of VTE was found with the FVLeiden mutation during orthopedic surgery. On the contrary, Martinelli et al 14 found no difference between patients with and without mutations, considering the type of transient risk factors. Among our patients, no difference was found in the incidence of distal DVT. Similar results were observed by Schulman, 18 who reported statistically no significant difference in proportion of any of the defects tested between distal and proximal DVT in patients with and without thrombophilia. Opposite to our findings, Martinelli et al 14 reported that patients without thrombophilia had higher rate of distal DVT than patients with mutations. Regarding the extension of proximal DVT, in our study, the lowest incidence for isolated popliteal vein (9%) and the highest for iliofemoral vein (40%) were found in patients with prothrombin G20210A. In the group with FVLeiden, the most frequent extension of DVT were found in popliteal vein (39%) and lower in iliofemoral vein. The lower incidence of DVT in iliofemoral veins among patients with FVLeiden and highest in group with G20210A could give a possible explanation for lower incidence of PE in FVLeiden and higher in G20210A group. Björgell et al 19 showed the low incidence of iliofemoral DVT in patients with FVLeiden, and study by Huisman et al 20 observed association of FVLeiden mutation with more distal location of vein thrombosis in the leg. Regarding the presence of unusual forms of VTE, our study reports more frequent thrombosis of the upper limb in the group without thrombophilia (77%) than in patients with FVLeiden (13%) or with prothrombin G20210A (10%; P < .01). Our results also showed that thrombophilia is less frequent in upper limb than in lower limb DVT. Studies by Prandoni et al 21 and Martinelli et al 22 reported the prevalence of FVLeiden below 10% in patients with upper limb thrombosis. In our study, we observed the presence of the transverse sinus venous thrombosis only in the prothrombin mutation group, and in 2 of 3 patients, thrombosis developed during pregnancy/puerperium. It has been shown that among transient risk factors, the use of oral contraceptives (in up to 85% to 95% of women) as well as the pregnancy and puerperium (30% to 80%) play crucial role in development of cerebral vein thrombosis. 23, 24 In conclusion, our study showed that carriers of prothrombin G20210A had an increased risk of developing isolated PE and more severe clinical manifestation than those with FVLeiden or without thrombophilia. Further studies are needed to explain the possible implications on the treatment of patients who are the carriers of these mutations.
